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Abstract of GB1491231 

1491231 Exhaust gas recirculation in IC engines YAMAHA 
HATSUDOKI KK 14 Oct 1974 [26 June 1974 12 Aug 1974] 
44378/74 Heading FIB A multi-cylinder four-stroke I.C. engine has 
an inlet duct and valve controlled Inlet and exhaust ports for each 
cylinder, means for Introdudng a fuel/air mixture into the Inlet ducts 
and spark ignition means, the inlet ducts being Inter- connected with 
the exhaust pipe of the engine via a valve which controls the flow of 
exhaust gases towards the inlet ducts, means being provided for 
restricting the flow of gases by way of the inter- connecting pipe 
between the inlet ducts in response to short pressure peaks in the 
inlet ducts. In an engine in which a separate carburetter is provided 
to feed each cylinder, exhaust gas is drawn from a thermo-reactor 
40 and recirculated to the inlet pipe through a cooler 45 and through 
two vacuum- controlled valves 46 and V 1 in series. The dia- 
phragm 46a of valve 46 is subject to the vacuum immediately 
downstream of the throttle valve in one of the intake ducts 12b, so 
that valve member 46b is moved toward the open position when 
suf- ficient depression exists in the intake duct. Diaphragm 202 of 
valve V is pulled downwards by the depression in duct 12b against 
compression spring 201 to move valve member 200 to reduce or 
prevent flow of exhaust gas through each of the ports 207 to 
individual cylinders. Since recircu- iation pipes 13...d are inter- 
connected by valve ports 207. the low-pressure in a combustion 
chamber of which the piston is on the intake stroke may adversely 
affect the pressure at the intake port of another combustion 
chamber. To prevent this isolation means are provided In each of 
the recirculation pipes e.g. reed valves which open to allow flow of 
exhaust gas and close when a depres- sion exists in valve V. 
Alternatively the isolation means comprises restrictions in the bore 
of the pipes 13a ...d, which restrict gas flow in response to short 
pressure peaks, but permit long-term pressure changes. The 
Specification also discloses that the intake pipes, adjacent the 
intake ports, are excluded from the effect of the liquid coolant circuit 
C of the engine and are cooled only by air, so that their temperature 
is 90 C to 1 35 C, pref- erably 1 1 0 C so that if a film of fuel forms on 
the pipe wall it is vapourized. The crank-case interior and/or the fuel 
tank may be vented by providing a connection to the exhaust gas 
recirculation pipe. 
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(71) We, YAMAHA HATSUDOKI 
KABUSHIKI KAISHA, a Japanese Body 
Corporate, of 2500 Shingai, Iwata-shi, 
Shisuoka-ken, Japan, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and' the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

The invention relates to a four stroke 
internal combustion engine having for each 
cylinder an inlet dua with an inlet port 
and an inlet valve and an exhaust duct with 
an exhaust port and an exhaust valve and a 
mechanism for introducing a mixture of 
fuel and air into the inlet ducts and ignition 
•means for generating a spark at the spark 
plugs in the cylinders. 

An internal combustion engine is pro- 
vided with means to operate the same to 
produce minimal quantities and concentra- 
tions of oxides of nitrogen (NOx), carbon 
monoxide (CO) and unbumed hydrocarbons 
(HC). The engine is operated with a lead 
air/fuel mixture at bodi low and high load 
conditions, thereby minimizing said emissions. 
Low load operation on lean mixtures is made 
possible by means and methods for main- 
taining at a suitable low numerical value the 
residual fraction which is defined as the 
ratio of gases in a cylinder from a previous 
cycle and the total gases in the cylinder 
.for the next cycle (said gases from a pre- 
vious cycle plus new mixture). Said means 
may comprise apparatus to shorten the dura- 
tion of intake and exhaust valve overlap, or 
t3i opening the engine throtde wider dian 
normal and retarding the ignition to reduce 
the engine speed at low loads. Means is pre- 
ferably provided wherein the fuel in the 
air/fuel mixture is well-vaporized and the 
mixture is uniform and homogeneous. Some 
of such means may comprise vaporizing 
means whereby fuel film adherent to the wall 
of die engine's induction means is vaporized 


by heat, or is collected and discharged into 
die air stream. 

The emission of pollutants as a conse- 
quence of the operation of internal com- 
busdon engines has become a matter of 50 
serious concern. Increasingly stringent re- 
strictions being imposed upon these 
emissions, and the need is pressing for engines 
which can meet the new standards. The best 
solution will be one which can use sub- 55 
stantial amounts of existing technology and 
tooling, and can be adapted to engines of 
current design without requiring radical 
modification. Solutions, which involve radical 
redesigns and extreme changes in engine con- 60 
cepts and constructions are likely to be less 
effective because of resistance to change by 
purchasers and by persons who must learn 
to make and to service the new mechanisms. 
Accordingly, delays and inefl&ciendes can be 65 
anticipate when major departures from exist- 
ing technologies are required. 

It is an object of this invention to provide 
a solution for the problem of emission of 
pollutants, which can utilize a considerable 70 
^amount of existing technology, and which 
tequires only relatively small changes and 
redesigns when incorporated in many or 
even most conventional internal combus- 
tion engines. Other conventional engines may 75 
require more extensive modifications which, 
however, are clearly understandable and 
simple to put into usage. Therefore, they 
.may be expected to give rise only to minimal 
resistance to their usage. Accordingly, tiiis 80 
invention offers a readily acceptable solution 
to the problem of pollutant emissions, and 
one which can be adopted with minimal 
adversity. 

It is an object of this invention to pro- 85 
vide internal combustion engines, and 
metiiods of operating the same, whereby to 
minimize the emission of pollutants, especi- 
ally oxides of nitrogen (gcnerically referred 
to as "NOx*'). 90 
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According to the invention, a four-stroke 
multi-cylinder internal combustion engine has 
for each cyHnder an inlet duct with an inlet 
port and an inlet valve and an exhaust duct 

5 with an exhaust port and an exhaust valve 
and a mechanism for introducing a mixture 
of fuel and air . into the inlet duct and has 
ignition means for generating a spark at 
spark plugs in the cylinders^ the inlet ducts 

10 being, interconnected with the exhaust pipe 
of the engine via a valv^ which controls the 
flow of e^aust gases towards the inlet ducts, 
a pipe interconnecting the inlet ducts^ means 


being provided for restricting the flow of 
gases by way of the intercoimecting pipe be- IS 
tween the mlet ducts in response to short 
pxessure peaks in the inlet ducts. It has 
been shown, that recirculating of a part of 
the exhaust gases to the combustion duimr 
ber has an advantageous effect oh the emis- 20 
sion of NOx. 

However, the tendency of an engine to 
misfire is directly related to the numerical 
value of a mathematical expression herein- 
after caUed the "residual fraction". Hie 25 
"residual fraction" is defined as follows: 


residual fraction^ 


Amount of residual gases remaining is 
combustion chamber from previous cycle 


Amount of air (or air/fuel Amount of residual gases re- 
mixture) taken into com- + maining in combustion 
bustion chamber for next chamber from previous cyde 
cyde 


The term "amount" refers to wdght, or 
to volume measured at like temperature and 

30 pressure. As the numerical value of the 
residual fraaion incceases, so also does the 
tendency of the engine to misfire. 

In^ order to prevent, that in low load 
conditions the residual fraction becomes too 

35 high the valve is controlled by the pressure 
in an inlet duct such, that when the pressure 
in the inlet duct decreases, the now of 
exhaust gases through the valve is decreased 


40 In this way it can be prevented, that 
especially during low load operation the low 
pressure in one inlet duct has a dis- 
advantageous effect on the flow of mixture 
towards a cylinder during the intake stroke of 

45 said cylinder. 

A simple construction wIU be obtained, 
when said means are formed by small orifices 
in said pipe. According to a further possibility 
said means are fonned by unidirectionu 

50 check valves. 

In order to prevent, that the temperature 
rises too much during the combustion there 
has been provided a cooler for the exhaust 
gases between the exhaust pipe and the 

55 valve. 

A favourable control of the flow of exhaust 
gases is obtained when a further valve con- 
trolled by the pressure in the inlet duct is 
provided between the e:diaust pipe and said 

60 valve for controlling the flow of exhaust 
gases towards the inlet ducts, said last-men- 
tioned valve being arranged to reduce the 
flow of exhaust gases in response to an in- 
crease in vacuum in an inlet duct, and said 

55 further valve being arranged to open in re- 
sponse to reduction in vacuum. 

A compact construction of the engine can 
be obtained when said pipe interconnecting 
the mlet ducts comprises a recirculation duct 

70 provided in an inlet manifold and between 


the inlet manifold and the cyUnder heads 
there is mounted a plate supporting reed 
valves respectivdy connected to the inlet 
ducts for allowing a flow of exhaust gas to- 
wards any of die inlet ducts when die pres- 75 
sure in an inlet duct falls sufficiendy to 
allow the associated reed valve to open. 
^ Sudi an arrangement can be obtained in a 
simple way when the inlet ducts are pro- 
vided with passages covered on one side with 80 
^pordons of the plate having openings con- 
necting the inlet ducts with said recircula- 
tion duc^ said reed valves controlling the 
flow through the openings. 

The above and other features of this in- 85 
vention will be fully understood from the 
following detailed description and the accom- 
panying drawings, in which: — 

Figure 1 is a generalized graph showing 
the output of certain pollutants versus the 90 
air/fuel ratio on which an engine is operated; 

Figure 2 is a top view of one embodi- 
ment of the invention with some parts re- 
moved for clarity of disclosure; 

Figure 3 is a partial cross-section taken 95 
at line 3—3 of Figure 2; 

Figures 4, 5, 6 and 7 are fragmentary 
cross-secdons, pardy diagrammatic, showing 
portions of the system of Figure 2; and 

Figure 8 is an arrangement of a balance 100 
pipe in the inlet manifold. 

Fig. 1 is a generalized, undimensioned 
showing of the emission of pollutants emitted 
plotted as the ordinate, versus the air /fuel 
ratio of the mixture whidi is burned in 105 
the engine plotted as the absdssa. This graph 
is generally true of all internal combustion 
engines. In addition to the pollutants CO, HC 
and NOx, the unobjectionable gases carbon 
dioxide (COj) and oxygen (O2) present in HO 
the exhaust gases are shown. 

Fig. 1 shows that when mixtures leaner 
than stoichiometric (about 15 for gasoline) 
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are burned in an engine, HC and CO emis- 
sions decrease dramatically compared to those 
wliich are emitted as the consequence of 
burning a richer mixture. This observation 
5 is also true of the emission of oxides of nitro- 
gen when mixtures with a ratio greater than 
about 16 are burned. It is therefore a con- 
siderable advantage to operate the engine 
with air /fuel mixtures whose air /fuel ratios 

10 are leaner than stoichiometric, and which 
preferably are in the range between about 16 
to 20, in order to minimize die emission of 
these pollutants. 
Figs. 2 and 3 illustrate one embodiment 

15 of the invention. A four-cycle internal com- 
bustion engine 10 includes four combustion 
chambers 11a, lib, 11c and lid. The term 
"cylinder" is sometimes used synonymously 
widi the term "combustion chamber*'. This 

20 engine is provided with one throtde valve 
30a, 30b, 30c and 30d and with one car- 
buretor 20a, 20b, 20c and 20d for each of 
die combustion chambers. Individual intake 
pipes 12a, 12b, 12c and I2d communicate 

25 respectively with the intake ports 15a, 15b, 
15c and 15d of respective combustion cham- 
bers 11a, lib, 11c and lid. The intake 
pipes constimte one embodiment of **induc- 
tion means*' used in the invention to supply 

30 a charge to the combustion chamber. 

E^aust pipes 14a, 14b3 14c and 14d 
respectively conununicate widi and receive 
exhaust gases from exhaust ports 16a, 16b, 
16c and 16d from combustion chambers 11a, 

35 lib, 11c and lid. . The exhaust pipes and 
an exhaust system P which collects gases 
from the pipes comprise one embodiment of 
"eadiaust means'* used in the invention to 
remove spent charge from the combustion 

40 chambers. 

Exhaust gas recirculation pipes 13a, 13b, 
13c, 13d are respectively connected to intake 
pipes 12a, 12b, 12c and 12d. Pipes 13a — d 
in turn are connected to an exhaust gas re- 

45 circulation valve V. Vacuum line 12e (Figs. 
2 and 3) interconnects port 12f in int^e 
pipe 12b and port 12g in control valve V. 
Intake pipes 12a, 12c and 12d are not con- 
nected to port 12g. Exhaust gas recirculation 

50 pipes are used when NOx is to be controlled 
by the recirculation of part of the exhaust 
gases into the incoming air/fuel mixture. 

Attention is now directed to Fig. 3 where 
there are shown in more complete detail cer- 

55 tain features of Fig. 2, especially those parts 
which are directly related to combustion 
chamber lib. The other cylinders and their 
provisions are identical, and this is exemplary 
of all of them. Therefore, the odiers will 

60 not be individually described. 

An intake valve seat 18 surrounds intake 
valve port 15b. Exhaust valve seat 18a sur- 
rounds exhaust valve port 16b. Intake valve 
21 and exhaust valve 22 are slidably mounted 

65 in the cylinder head and are adapted to move 


against the respective valve seat to close the 
port, or to move away from the seat to open 
It. Cams 81a and 82a, fixed respectively to 
cam shafts 81 and 82, are provided to open 
the valve ports, and the valves are spring- 70 
loaded to close when the cams do not hold 
them open. Similar sets of intake and ex- 
haust valves and seats, and cam means and 
return springs, are provided for each of the 
combustion chambers. 75 

Cylinder head H of combustion chamber 
lib is shown, together with a cooling water 
jacket C. Cooling jacket C shrouds only die 
exhaust pipe adjacent to die oudet port and 
the combustion chamber itself. A region 17 80 
which extends from inlet valve seat 18 up- 
stream into the inlet pipes is not cooled by 
the cooling jacket C. Instead, it is permitted 
to become heated by heat from the combus* 
tion chamber for purposes yet to be des- 8S 
cribed. This region may even be externally 
insulated or heat-jacketed to increase or main- 
tain elevated temperature. 

Region 17 preferably extends at least for 
a distance of about 60 to 70 mm upstream 90 
from the intake valve seat toward the intake 
pipe, and is regarded as part of the intake 
pipe, even though all or a portion of it may 
be formed integrally with die cylinder head. 
Region 17 is bounded by the inside wall 19 95 
of the intake pipe, and the wall is thermally 
continuous with die cylinder head, i.e., the 
inside wall of the intake pipe is heated by 
heat conducted to it from the combustion 
chamber dome. This enables the internal 100 
wall 19 of region 17 to warm up, and it is 
not appreciably cooled by cooling means such 
as jacket C. Any cooling means is suificiendy 
spaced from the region 17 that the wall 19 
can operate at the necessary temperatures as 105 
the consequence of heat conducted to it from 
the cylinder. A portion Ci of the jacket is 
shown in Fig. 3 in the cylinder head above 
the intake port. In liquid-cooled engines, the 
cooling passages shoidd extend to this side HO 
of the head, but it is not desired for them 
to cool the said region. Accordingly, there 
is a sufficient thickness of material between 
portion Ci of the cooUng jacket and wall 
19 that enough heat is conducted to wall 19 115 
to warm it sufficiendy, despite the presence 
of pordon Ci. Region 17 is one embodiment 
of ^Vaporizing means" for vaporizing liquid 
fuel which may have collected on die wall 
of the inlet pipe* 120 

An ignidon distributor 23 is schematic- 
ally shown in Fi|. 2. Convendonal con- 
densors, breaker points, cam, and cam shaft, 
are uuHzed to provide a spark to ignite the 
mixture in the combustion chamber. 125 

Exhaust gas recirculadon valve V includes 
a plunger 200 which is biased by a spring 
201, and is attached to a diaphragm 202 
that is mounted to the wall of a body 203. 
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Body 203 forms a vented chamber 204 and a 
vacuum chamber 205. 

This bias spring tends to move the plunger 
to the elevated position as shown in solid 
5 line in Fig. 3. Exertion of vacuum in the 
vacuum chamber 205 will move the plunger 
downwardly. When the plunger moves down- 
wardly by a sufiBcient distance (Fig. 7), it 
will reduce or close off entirely the flow of 

10 gases from inlet 206, from which the flow 
would otherwise be distributed through four 
outlet ports 207 to recirculate pipes 13a — d. 
It follows that the amount of recirculation of 
gases yet to be described will be a function 

15 of the degree of vacuum in inlet pipe 12b. 

The principal advantage of providing one 
throttle valve per combustion chamber is that 
the pressure in one intake pipe is not reduced 
by the pressure in another intake pipe. In 

20 engines where one intake manifold and 
throttle valve supply a plurality of combustion 
chambers, the lower pressure in a combustion 
chamber of which the piston is on its intake 
stroke may adversdy affect the pressure at 

25 the intake port of a different combustion 
chamber. The usage of one throttle vdve 
per combustion chamber allows each com- 
bustion chamber to set its own intake condi- 
tions. However, recirculation pipes 13a — d do 

30 Interconnect all of the inlet pipes, and as 
such could tend to equalize their pressures, 
thereby reducing some of the values other- 
wise attainable by the usage of one throtde 
valve per combustion chamber. 

35 To avoid this adverse result, isolation 
means is provided in the respective recircula- 
tion pipes. In Fig. 4 this isolation means 
comprises undirectional check valves 208. 
As examples, reed valves are shown, which 

40 constitute flexible blades 208a mounted to a 
chamber wall by a fastener 208b, each of 
which blades tends to close its respective 
recirculation pipe except in response to 
differential pressure sufficient to deflect it. 

45 One dF the valves in intake pipe 12c is 
shown deflected by a sufficient differential 
pressure.' All can be open at once when diere 
is a sufficient pressure from valve V. How- 
ever, when a sufficiendy large negadve pres- 

50 sure exists in the line from valve V, perhaps 
from one of the intake pipes at a high vacuum 
(12c in Fig. 4), the other valves will close 
as illustrated. Moreover, it will be clear 
that the reed valves constitute means for 

55 restricting the flow of gases between the re- 
circulating pipes in response to short pressure 
peaks in these inlet pipes or ducts 13a — d. 

In some cases in engines having one thronle 
valve and carburetor for each cylinder it is 

60 advantageous to have a connection between 
the inlet ducts during high load conditions. 
Then it is useful to use the arrangement 
shown in Fig. 5 wherein the isolation means 
comprises orifices 209 of sufficiendy small 

65 bore as to restrict the flow of gases in re- 


sponse to short pressure peaks, but which are 
large enough to permit a more gradual adjust- 
ment to pressure changes in the inlet ducts. 
By using such an arrangement of isolation 
means during idling whereby when the pres- 70 
sure in an inlet duct is low the pressure in 
one inlet duct is substantially not affected 
by the pressure in another inlet duct, whilst 
during high load condition the pipe inter- 
connecting the inlet ducts has an equalizing 75 
effect on the pressure differences in the inlet 
ducts and can be used also for redrculating 
the exhaust gases. 

A piston 150 is reciprocably fitted in each 
combustion chamber. The piston turns the gO 
.crankshaft through a conventional wrist-pin, 
rod and crank arrangement (not shown). 
{ Each carburetor 20a — d, inclusive, includes 
a high load circuit 50, a low load circuit 60, 
and a starting circuit 70. Circuits 50 and 60 85 
supply air/fuel emulsions which, vdien mixed 
with air passed by the throtde, will provide 
a lean mixture to the combusdon chamber of 
the correct rado. Starting circuit 70 also 
supplies a kan air/fuel mixture, but the 90 
mixture rado it supplies may have a lesser 
numerkal value than the nuxtures supplied 
by drcuits 50 and 60, so that v^bsn ±e 
engine begins its warm-up after being started 
by cranking, the combined mixture from 95 
die starting circuit and from the low load 
circuit might average about stoichiometric. 

Throtde valve means 30a — d (oi which 
throtde valve means 30c is exemplary) 
includes a throttle shaft 31 rotatably sup- lOO 
ported in die wall of the intake pipe or mani- 
fold. It includes a disc 32 secured to the 
shaft 31, which disc aas as a butterfly valve 
when the shaft is turned. A throtde arm is 
pinned to the shaft and coimected to the 105 
accelerator (not shown). Rotating the arm as 
a lever will rotate the shaft and adjust die 
position of the valve disc in the pipe so as to 

ntibie area of the pipe whidi is open 
ow of fluid theredirough. HO 
The region 17 of the intake pipe adjacent 
to the intake valve seat constitutes a ^Vapor- 
izing means'*. The wall 19 ctf this region is 
operated at an elevated temperature. The 
waJl of this region should be maintained at 115 
a temperature between about 90°C and 
13S°C. Ih liquid -cooled engines, a tempera- 
ture of IIO^C appears to give optimum 
results. A film of gasoline will be vaporized 
at diese temperatures. The temperature 120 
should not be so high that the entire charge 
will be heated, because this would be a 
disadvantage. Wall temperatures between 
about 90°C and 135°C appear to avert this 
adverse resulL 125 

The term ^Vaporizing" is used to denote 
the transfer of the liquid into the stream 
of air/fuel mixture. The term does not 
necessarily mean that the fuel has been con- 
verted to a gas. Indeed, mudi of the fuel 130 
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in the mixture is in the form of small sized 
droplets of liquid, perhaps surrounded by 
gas, and the stream will of course include 
some gas from the lower boiling point con- 
5 stituents of the fuel The term "vaporizing" 
is used in the broad sense of the removal of 
a liquid from a surface, and its reintroduction 
into the stream of mixture. 

When an aluminium cylinder having a bore 

10 of about 70 to 90 mm is used, an axial length 
of uncooled region 17 about 60 — ^70 mm 
long is useful. A thickness of cylinder head 
contiguous to the inlet pipe or manifold 
of a^ut 13 to IS mm is useful. The wall 

15 thickness of region 17 should not be less 
than about 6 mm. Attention is called to 
the fact timt the usual head diickness of a 
conventional cylinder is on the order of 
only about 9 mm, and the wall thickness 

20 of the intake pipe only about 4 mm. The 
greater thickness, espedall]^ of the com- 
bustion chamber dome in tms invention pro- 
vides for ready conduction of heat to region 
17 and isolates the region from any cooling 

25 jacket which may be used. ^ 

The arrangement for the warmed waU. 
shown in Fig. 3 will operate at temperatures 
in the desired range without insulation or 
jacketing. However, insulation could be pro- 
30 vided at this region. Also, the region could 
be jacketed and warmed with hot exhaust 
gases> if desired or necessary. 

HC emissions can be reduced by the use 
of a thermal reactor 40 which receives the 

35 exhaust gases frcmi the exhaust ports and 
holds them long enough at an elevated 
temperature for the HC to be oxidized by 
oxygen which remains in the exhaust gases. 
Such a reactor when used forms part of 

40 the exhaust means. A suitable thermal reactor 
is best shown in Figs. 2 and 3. It comprises 
an outer casing 41 around an enlarged por- 
tion of each the exhaust pipes 14 and 
an inner casing 42 between them. A space 

45 43 is formed between the casings. This space 
43 may be filled with solid insulating 
material, or may simply be filled with air to 
serve as insulation. Space 43 and whatever 
is in it serves as insulating means to keep 

50 the reactor hot by retaining its heat. 

For the purpose of suppressing NOx 
formation, exhaust gases are withdrawn from 
the reactor through a port 44 (Fig. 3) and 
passed through a cooler 4S> thence to an 

55 exhaust gas control valve 46> and finally 
through conduit 44b to exhaust gas recircula- 
tion valve V. A conventional exhaust gas 
control valve 46 includes a diaphragna-actu- 
ated plunger 46b, whose movement is the 

50 consequence of vacuum applied above a 
diaphragm 46a and received from pipe 12e. 
When 3ie manifold pressure is appropriate, 
valve 46 is opened to recirculate some of 
the exhaust gases through pipe 44b to the 


inlet of valve V, and thence to the inlet 65 
pipe. 

When the engine of Figs. 2 and 3 is oper- 
ated at high load conditions, wherein the 
throttle valve is substantially open and the 
intake pipes (sometimes called an "intake 70 
manifold") operate at relative low vacuum 
(relatively high intake pressure), there is 
little difficulty in operating the engine with 
a lean mixture. 

At starling, exhaust gas recirculation valve 75 
V remains closed. This prevents or limits ex- 
haust gas recirculation during starting. It is 
best practice not to recirculate exhaust gases 
at this time, because to do so would increase 
the residual fraction by recirculating some 80 
exhaust gas, and at cold unstable conditions 
this could adversely affect the operation of 
the engine. 

Exhaust gas control valve 46 is opened 
in response to reduction of vacuum within 85 
the intake pipe (increase in pressure), and 
the amount by which the vacuum control 
valve is opened is varied in accordance with 
the degree of this vacuum. Exhaust gases are 
conveyed through the exhaust port 44, con- 90 
duit 44a, exhaust gas control valve 46, and 
pipe 44b (see Fig. 6). When insufficient 
vacuuioi is present, valve 46 is closed (Fig. 
7), 

It will be seen that the amount of the 
residual gases in the embodiment of Figs. 2 
and 3 is determined in part by the amoimt 
of opening of the exhaust gas recirculation 
valve V (which affects die fraction by supply- 
ing residual gases to the intake pipes). The 100 
limiting of recirculation exhaust gases, is to 
maintain at a suitable value the said residual 
fraction when operating under low load con- 
ditions. Valve V may either be a simple off-on 
valve, or may be a metering type valve with 105 
off-on positions as welL 

The present invention is useful in four- 
stroke internal combustion engines generally. 
It may be used in engines having any num- 
ber of cylinders, sud^ as straight 6*s and 110 
V-8's, as well as in four-cylinder engines. It 
also can be used with the so-called stratified 
intake system with auxiliary combustion 
chamber. 

Fig. 8 shows an arrangement whereby the 115 
intake pipe 12 of each cylinder comprises an 
upwardly extending passage 12b. On the free 
ends of the intake pipes has been mounted 
a plate 250 arranged between the cylinder 
head and an intake manifold 251. In said 120 
manifold have been provided passages 252 
which are in communication with the intake 
passages 12 for admitting the mixture to the 
engine via openings provided in the plate 
250. Further openings 253 in the plate 250 125 
cooperate with reed valves 254 correspond- 
ing with the reed valves 208 of Fig. 4. 
' In the manifold 252 there has been pro- 
vided a duct 255 forming a redrculadon 
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duct for the exhaust gases. The duct 255 
is in comunication with apertures 256 in 
die manifold via bores 257, The apertures 
257 are situated opposite the openings 253. 
5 In this way a compact arrangement of 
the recirculation system of the outlet gases 
can be obtained. 

It is also very advantageous to connect 
the interior of the crank case and/or the 
10 interior of the fuel tank with an e^diaust 
gas recirculation pipe. Then gases flowing 
past the pistons towards the crank case and/ 
or fuel evaporated in the tank wfll be carried 
into the engine and burnt. 

15 The four-stroke internal combustion engine 
described above is also described in patent 
application 44377/74 which relates to a 
method of operating an internal combustion 
engine wherein the mechanism for introduc- 

20 ing the mixture of fuel and air and the 
ignition means are adjusted so that in the 
idling state and low load conditions of the 
engine a mixture wldi an air/fuel ratio higher 
than 15 is introduced in the inlet duct and 

25 the ignition occurs after top dead center in 
the idling state. 

WHAT WE CLAIM IS: — 
1. A multi-cylinder four-stroke internal 
combustion engine having for each cylinder 

30 an inlet duct with an inlet port and an inlet 
valve and an exhaust duct with an exhaust 
port and an exhaust valve and a mechanism 
for generating a spark at spark plugs in the 
into the inlet duct and having ignition means 

35 for generating a spark at spark plugs in the 
cylinders^ the inlet duas being interconnected 
with the exhaust pipe of the engine via a 
valve, which controls the flow of exhaust 
gases towards die inlet ducts, a pipe inter- 

40 connecting the inlet ducts means being pro- 
vided for restricting the flow of gases by 
way of the interconnecting pipe between the 
inlet ducts in response to short pressure 
peaks in the inlet ducts. 

45 2* An engine accoiding to Claim I, in 
wbich the valve is controlled by the pressure 
in an inlet duct such, that when the pressure 
in the inlet duct decreases, the flow of ex- 


haust gases through the valve is decreased 
also. 50 

3. An engine according to Claim 1 or 
Qaim 2, in \^ich said means are formed 
by small orifices communicating with said 
interconnecting pipe. 

: 4. An engine according to Claim 1 or 55 
Claim 2, in which said means are formed by 
unidirectional check valves. 
* 5. An engine as claimed in any of the 
^preceding claims in which a cookr for the 
exhaust gases is provided between the ex- 60 
haust pipe and the valve. 

6. An engine according to Claim 2, in 
which a further valve controlled by the pres- 
sure in the inlet duct is provided between 

the exhaust pipe and said valve for con- 65 
trolling the flow of exhaust gases towards 
the iidet ducts^ said further valve being 
arraniged to open in. response to reduction in 
vacuum. 

7. An engine according to Claim 1, in 70 
whidi said interconnecting pipe comprises 

a recirculation duct provided in an inlet 
manifold and between the inlet manifold and 
die cylinder heads there is mounted a plate 
supporting a plurality of reed valves respec- 75 
tively connected to the inlet ducts for allow- 
ing a flow of exhaust gas towards any of 
the inlet ducts when the pressure in an inlet 
duct falls sufficiently to allow the associated 
reed valve to open. 80 

8. An engine according to Claim 7, in 
which the inlet ducts are provided with 
passages covered on one side with pordons 
of the plate having openings connecting die 
inlet ducts with said recirculadon duc^ said 85 
reed valves controlling the flow throu^ die 
openings. 

9. A mutli-c^linder four-stroke internal 
combusdon engine substantially as herein- 
before described with reference to the accom- 90 
panying drawings. 
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